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WHAT IS THE EXTRAGALACTIC GAMMA-RAY
i e BACKGROUND ?

* The gamma-ray sky as observed by Fermi represents the sum
of different components: one of them is the Extragalactic

Gamma-ray Background

Fermi 1 year
all-sky map

Point sources

Galactic diffuse emission  Extragalactic y-ray Back.




G WHY IS THIS IMPORTANT ?

* The Extragalactic Gamma-ray Background may encrypt the signature of the
most powerful processes in astrophysics

Emission from star

forming galaxies (e.g.
Pavlidou&Fields02)

73% Dark Energy

Emission due to
the annihilation of

Emission from S :
particle accelerated = . AT . EENEEGUIIEIE

in Intergalactic ; Matter

shocks (Loeb&Waxmann00) ..~ .7 % - T w L .
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Space Telescope
‘/ g " Talk to M. Ackermann for details

* Simultaneous Maximum Likelihood fit
to all |b|>10° sky with:
Equal area pixels (0.8 deg?)
Sky models compared to LAT data
All sources detected in 9months
9 energy bins, 200 MeV<E< 100 GeV

10 months of LAT data, 19 Ms
exposure
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/@m& THE BLAZAR POPULATION

Abdo+10, ApT 720, 435

* Blazars ﬁgfen'ria!ly represent 85-95% CLASS  # objects
of the high-latitude population Total 25
FSRQs 161
A BL Lacs 163
* FSRQs and BL Lac seem to segregate in the . 4
. . o Blazar Candidates 24
luminosity-index plane Radio Gelaxies >
Pulsars 9
Others® 6
* FSRQ and BL Lac have different photon index —  Uresccsicdsoucs 6
dlS"'f‘l U"'lOﬂS #Blazars with uncertain classifica-
tion.

bTt includes Starburst galaxies,
Narrow line Seyfert 1 objects and
Seyfert galaxy candidates.

8.5 [T
rAbdo+10, ApJ, 715,429 ’ ]
i "\ 3 __ ' - ® 6 __
- ‘ -
7]

- . s ¥
a x B + T [ J%ﬂ} i \'.' -!i‘—
S a5 | 1 S o2
5 2= 1 ‘ 3

E-3 —— - L. | | [
£ N - L °
£ 2 ]
S 15[ ]
1' gl el s el el el e el sl il

10 102 10® 10* 10® 10" 10 10® 10%
Photon index v LY (erg s-“)




o LUMINOSITY FUNCTION OF FSRQs
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/Spa Telescop
* Comoving number density of objects with luminosity [L,
L+dL]
* = .
dN = @(L,z) dL. dV E \
O Why is it important ? e T
Absolute B Magnitude (mag, h=1)

® Probe (and constrains models) of the evolution and growth of FSRQs
® Constrain the contribution to the EGB
® Constrain beaming factors and the parent population
o

Might be used to constrain the formation of SMBH at high-z (Ghisellini+

Voloneteri+11)
Note: here L is isotropic Luminosity averaged over 11months




s ermi THE EVOLUTION OF THE LF
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* What you are asking is :

* IWere the objects more luminous or more numerous in the past ?

Past

Present Epoch
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* The Sample Table 1. Composition of the |b| >20, TS>50. Fi = 107% ph em ™2 57! sample used in
his analysis.
*  Based on the 11month catalog R
* TS>50, |b] >20deg CLASS # objects
- Total 433
* Z = [0.1- 3.0] FSRQs 185
*  Spans >2dex in flux ey i
*  Spans >4dex in luminosity P e A

*It includes Starburst galaxies,
Narrow line Seyfert 1 objects and (0
Seyfert galaxy candidates. Q

* Pretty good dynamical range
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RESULTS: LDDE

* “The best fit is a Luminosity-Dependent Density Evolution”

Luminosity Function

(I)(Ly,z) - (I)(Ly 0) x e(z,Ly) =

Evolution of the redshift peak with luminosity

Local Luminosity Function
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* LDDE represents the data well Py~
. . we [/ G| E
* Itimplies: ¢t/ P2
% /
*  Strong evolution of FSRQ: factor 100 more FSRQs at z=1.5 ot/ G ¥ -
! g, E
* A cut-off in the evolution that changes with luminosity {’ g
*  The results are robust against in-completeness (e.g. lack of ‘
ID /redshifts) problems
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THE REPRESENTATION OF THE GLF
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Gy REDSHIFT PEAK EVOLUTION
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g THE SEDs oF FSRQs

Abdo+10, ApJ 720, 435
* Receipt: TR SR

* Take all the FSRQs in the complete sample o

*  Extract Swift/BAT and Fermi-LAT data P
* Convert to rest-frame
*

Fit them together ey
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Caveats: Swift data extracted over 2005-2011, Fermi data in 2008-2011
Swift and Fermi might sample two different components (e.g. S5C/EC)
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THE SED OF FSRQS: PROPERTIES

* No compelling correlation
between L, and E ..,
independently of fitting
function used (e.g.
fossati+98,ghisellini+99)
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The “average’ SED does
not change with
luminosity or redshift
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* Total (e.g. resolved + unresolved) emission from FSRQs

* No EBL/cascade considered yet, but unimportant
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‘@ ermi Y-RAYS FROM CRs IN NEARBY GALAXIES
o STt
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Dec (J2000)

Dec (J2000)

+69.83*

+69.67*

+69.50*

+69.33*

+00.33*

+00.17*

+00.00*

©00.17*

00.33*

"Courtesy K. Bechtol”

BEYOND THE LocAL GROUP

Test Statistic Map of the M82 Region

NS,

1760 m&: 546939

Preliminary

149.67° 149.33° 149.00° 148.67° 148.33° 148.00°
RA ()2000)

Test Statistic Map of the NGC 1068 Region

HGC}W

NGC 1068

Preliminary

40.67* 40.50*

RA (J2000)

41.00° 40.83° 40.33*

Gamma-ray Luminosity

See also Abdo+10, ApJ, 709, 152
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Dec (J2000)

25.00*

2517

-25.33*

-25.50*

Dec (J2000)

49.17*

49.33"
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49.67*

Test Statistic Map of the NGC 253 Region

NGC 253

1FGL J0047.3-2512
L [

HC-CXE'JJ

Preliminary

11.83°
RA (J2000)
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Test Statistic Map of the NGC 4945 Region

NGC 4945

1IGL 1130544908

Preliminary

NGC 4945

196.75* 196.00"

196.50* 196.25*
RA (J2000)

Two prototypical starbursts also detected by IACTs

M82 & NGC 253
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7 ’ Courtesy K. Bechtol

Sample selection from HCN survey Gao&Solomon04
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@ss/mnz RC & IR vs GAMMA

Gamma-ray

S aceTe escope w T
e Courtesy K. Bechtol
Nearly linear scaling of y-ray luminosity and tracers of SF
-
SFR (M_yr) SFR (M, yr™)
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EGB CONTRIBUTION

“Courtesy K. Bechtol"

E2 dN/dE (GeV cm™ s sr)
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Preliminary
. Isotropic Diffuse

— + Blazars
S + B Power Law I' = 2.2, 0<z<2.5
- + I Milky Way Spectrum, 0<z<2.5
— ST i +
B "'r Y I
2
F 7 3
;/ 1”\'

Makiya et al. 2011
----- Fields et al. 2010 (Luminosity-evolution)
— — Fields et al. 2010 (Density-evolution)
-------------- Stecker & Venters 2011 (IR)

------- Stecker & Venters 2011 (Schecter)

10" 1 10 102
E (GeV)

Other estimates:
Pavlidou&FieldsO1
Thompson+07
Fields+10
Makiya+11
Stecker&Ventersll

(1) Power Law

(2) Re-scaled Milky Way

Estimated contribution of star-forming galaxies 0<z<2.5 is 3-25*%

*See Stecker&Ventersll for a discussion about the uncertainty
in the estimate of the diffuse emission from SFG
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CONTRIBUTION OF BL LACS

"Waiting for a luminosity function’

(]

-
o
&

10" A T E 107 N\t ] 3
13 1 10% g‘ \\‘: o L_2 3 N 1; LAT GeV Diffuse background
N(>F)xF 10°F sT 2RO E s e Unvesovd sauroes 001100 Gt band
107 i o 3 = _\T“ = 2 10° e |
% € }_i__ *2>03 E & k*'-‘{*r' e Uit sices b
g g £ F R o o
W T 3 = g UF 3 - |5 Feoge,
2 o - 2 10°F B 4 - S ol e 4
10°E ®  10.0GeV<E<100.0GeV = l 3 “T";— I\ o —; '; [
rAbdo+10, ApJ 720, 435 . 1wfAbdo+09, ApJ 700,597 | "t 4 §
- P TER RIS T Wi IeE AT TR ST LN - Abdo+10, ApJ 720, 43 i
S + - - — e = = 5 o v s = = - Bl L il TR R | 2ol )
i 10" 10° 10° 10* 10° 102 n 10" 1 10 10? 107 10° 100 10°
Fio100 gev [Ph em? 8] L, [10®ergs] Energy [MeV]
= = = = LAT GeV Diffuse background -
3| FSRQs B
[~ 10 3 "+—:+_~ BL Lacs 3
2 E "h_l = FSRQs + BL Lacs =
50 LA ]
T o ++ 4
g 10°E b -
s F 3
w - o
2 L J
©
W -

“Abdo+10, ApJ 720, 435

10*
Energy [MeV]

10? 10°

The 10-100GeV band is an effective way to select BL Lacs (Abdo+10,Neronov+11)
No Signs of a break in the logN-logS

Index Compatible with the index of the LF (Abdo+09)

The contribution of unresolved BL Lac is still a lower limit
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RADIO GALAXIES

(from Inoue 2011)

11 RGs reported in

ILAC, possibly 2x more

Spectral Index (T)

o
o

1.5

L P =)
l « FRI o BL LAC |
« FRII » FSRQ
alls 6 ¢ T gy G o ¢ clita 5 ¢ P exn g
40 42 44 46 48

log L, [100 MeV-10 GeV] (erg s™!)

50

Contribution evaluated by Inoue+11
by scaling the RLF (Willot+01) and
using a ¥ -ray/Radio correlation

T T—r T

i T
Gamma-ray Loud -----
Fermi-LAT —— 7}

*See also Poster by Bhattacharya

Contribution of RGs might be
significant (~24%) but has a ~30%
uncertainty

107!

102 E

E? dNIdE [MeV? cm? s Mev™! 1]
s

.........
- -
......
.
‘~,

' 10> 100 10
Photon Energy [MeV]

N=Flux) [(d sy ']

Flux [phmons-‘cm?.fs]
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UPDATE ON THE IGRB

Different contributions reported by: Stecker&Salomon+96, Pavlidou&Fields+02,

@  IGRB Spectrum (Abdo+10, PRL 104)
:] BL Lac (Abdo+10, ApJ 720)
I:] Star-forming Galaxies (Abdo in prep.) NS
[IIIIIIT] Fsras iabdo in prep. &2,
RAiaal] RG (Inoue+11) . . \"Q :
[ Sumof Components Preli minary 5,

llII 1 1 IIIlllI l l IIIIII! l l Ii]llll!
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w
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0] 1
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s
,g 0.6
E 04
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0.2
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M 10

102 - . 103 . -
Energy [MeV]

Narumoto&TotaniO6,Dermer07, Bhattacharya+09, Inoue&Totani09, Fields+10, Makiya+10,

Inoue+11,Abazajian+10, Ghirlanda+11,Stecker&Ventersll,Malyshev&Hoggll
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jsm” SEVERAL OTHER COMPONENTS

Low Energy (<16eV): MeV blazars (Ajello+09), RQ AGN (Inoue+08), FR-
IT lobes (Massaro&A jello11l), Quasar extended components ?

Medium Energy: millisecond pulsars (Faucher-Giguere&lLoeblO, Siegal-
Gaskins+10)

High Energy (>10 GeV): BL Lacs

"How often have I said to you that when you have
eliminated the impossible, whatever remains, however

improbable, must be the truth ?” (Sherlock Holmes)

IG shocks (e.g. Keshet03,MiniatiO2)
Cascades from UHCRs (e.g. Ahlers+10, Venters10)
DM Annihilation (e.g. Ullio+02)
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THE END

* Amazing wealth of data on the
origin of the IGRB

*

*

Next IGRB measurement will cover
both low and high energy using P7
data (talk to M. Ackermann)

FSRQs evolution determined from
gamma-ray data alone

SFG and RG are emerging
population (certain contributors)

The 1%t GLF of BL Lacs coming soon
(expect exciting findings)

P . i IR A B 0 111 Sy B A L
E ., SMM - Watanabe et al. 1997 =
: ' w COMPTEL - Weidenspointner et al. 2000 :
— 3, Swit/BAT - Ajelio et al. 2008
5107 \ FermV/LAT - Abdo et al. 2010b E
'.. - * “=————= IC/CMB from FR-ll Lobes - this work -
o - P .
§1o" - s o -r-,%;’r—a—_@_. + ) =
® = -+ E
= . -+ —
w B "f"'f-.f.., 7
310 =
] E 3
w B 7
10° M A S S A RO 3
:I 1 l 1 /] L l il B
102 10" 10 10? 10° 10* 10°
Energy [MeV]
1 012
rou [y ]
10| : -
i 10 L
w 9 * ......
- 107 — < > +$ |
B, T
—~ 10°| —
* or SINGAL e ]
10% - s
10° s L L
10~ 10™° 1077 1.07%

F.o [pPhotons em™ s™]
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* DM annihilation limits can be obtained
imposing that the EGB spectrum is not
violated

*

F2 - do fdFy [MeVem *s ' sr )

10-2}

107°F

| ..... —ff= , 7 - Stecker ¢t al.
10-3F -
.u+_..

4

107°F

Abdo,JCAP 2010, 014

LIMITS ON DM ANNIHILATION

Degeneracy between the cross-section
and the clustering scenario

Limits close to those expected for a
thermal relic neutralino

* EGRET (Sreekumar et al. 1997) — 12Tevu'u
¢ ¢ EGRET (Strong ef al. 2004) — 200 GeV b
» Fermi (Abdo ef al. 2009) — 180 GeV v
= =/~ with energy disp.

10 10°
WIMP mass [GeV]

10°

Eo [MeV]
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/@?ML BEST FIT RESULTS

* LDDE (9 pars) provides a better fit to the data (chance of ~10)

* It implies: Py ,'/’\'\
*  Strong evolution of FSRQ 17
* A cut-off in the evolution that changes with
* luminosity Wb N

-

e(z,10%)
-~ \\
/7
S
nN

-
)
3

* The results are robust against in-completeness (e.g. lack of
ID /redshifts) problems

Table 3. Best-fit parameters of the Luminosity Dependent Density Evolution GLF Pr'el iImina ry
Sample  # Objects A® )] L. 2 = p7 : B M a
ALL 185 3.17(£0.23)x10°  0.22+0.12 0.86=0.51 1.580.27 \ 2.44+001  0.18£0.01
ALL 185 3.16(£0.23)x10°  0.22+0.12  0.86=0.51 1.700.28 2.32+1.03  2.44+001 0.18£0.01

ALLP 220 3.22(£0.21)x10%  0.23=0.12 0.74=0.38 1.67=0.26 2.19:tl.23 2.41x0.01  0.210.01

#In unit of 10~ Mpe—3 erg~1! s.

b35 unassociated sources were included in this sample by drawing random redshifts from the observed redshift distribution of FSRQs.
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SYSTEMATIC UNCERTAINTIES

Detection
Efficiency

Source
Confusion

Variability

Curved
Spectra
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s ormi SOURCE CONFUSION
S el
+ 1 < -4 100.0F T T T T
* Steckerz&Venters 11 claim that below F,,,<10 " Abdo+10, ApJ S, 188, 405
h/cm?/s sources cannot be resolved anymore
confusion caused by PSF and source density) Pl |
*  ->This would make the source counts flatter than 4 :
reality
*  ->Larger blazars contribution to EGB 1
:
* However: : 4 : 7 o
*  ~8% (80/1043) of the 1ILAC sources (TS>25, e
| b|>10deg) are probably missed because of source
confusion
* | No bias in reconstructing source counts even for x10
larger densities
' A TAALCINLEL e o
: 7 Preliminary 3 = Preliminary 3
10 e T . E 107 . - o
gore e ER £ £ -
';‘\'§10-3 E_ . _f . lkg i *t’_' ;
TUE . Simulsted r&tér G =k =« Simulated 7:‘17“ E
10* ;— » *+ —; 104 :— +¢% —:
= = Reconstructed E = ¢ Resansimucted -
10'5_— ||||||‘9 II”HI-B I|||||[.7 1 IH”HI-G 1 »—: 10-5-. ......IJg ”II-e L ||||||I7 ”II-G |_
10 1'200 . slf 10 10 ;(1)00 o cm? s 10 10
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POWER LAW SOURCES
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cHuel DUTY CYCLE

Space Telescope

ST A
o 100} (d) -
E-s E ]
& §so— h
?.5 £ i
3 F ]
wn | B
§-7 660 —
d I ]
‘:;.5 540. 4
= 2T i
x-8 C
e 20 5
Bs -
] E - eaee 4
gk | o)== [ b o
‘9 85 -8 75 -7 65 6 55 5 15 2 25 3 35 4 45 5 55 6

log(Mean Flux [E>100 MeV] ph cm? s™) Peak/Mean Flux ratio

* Most of the blazars have a variability by a factor ~2

* Detection efficiency is independent of the order of arrival of
photons: e.g. 2 sources with same average flux but different
duty cycle will still be detected with the same TS (if
background is flat)
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SWIFT

S5



BEST-FIT XLF

Best Fit Model:

PLE with a redshift
cutoff coupled to a local
double power law XLF

Parameters:

v;=-0.87+1.31 <--beaming?
YZ: 273 io. 3 8 (Urry&Schafer84)
k= 3.45 +0.44

v=-0.25 £0.07 <--30

dN A Le\™ . (Lx\"T™
O(Lx,z=0) dLy  In(10)Ly [(L_*) i (L_*) ] .
X, W l o k+y:
ez) =(1+2z) 3

D(Lx(z),2) =D(Lx/e(z),z =0),

Log L =46.3 - 47.3

— s Lx=43.8 -46.3 -

— Log L =47.3 - 48.3 2

l 3 s s l ' 4 4 J 'l - & ' l &

0 2 4 6 8
Redshift
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o STaon THE MOST LUMINOUS FSRQ

Number Density of blazars [Mpc"’]
o

10 Elliptical SFR (102 M,,,.); De Lucia et al., 2006
1 0-1 4
1 0-15 Luminous BAT blazars (47.3<Log LX<4-8.3): This work

-16
10

1 | 1 1 I | 1 Il 1 | I 1 1 | 1 1 1 | 1
0 2 4 6 8
Redshift

* At the moment the most luminous FSRQ, so called MeV blazars, are selected in the hard X-
ray band (ajelto+09)

*  Their space density peaks at 4.3+£0.5... !
%  The only similar trend can be found in >10>M Ellipticals ® (Ajello+09)

*  They are powered by SMBH with M>10°M _ Ghiscliini+10)
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< ermi 6YR OF DATA CONFIRM RESULTS

* The sample of Cusumano+10 (58months) contains ~85 bona
fide blazars (~62 FSRQ)

10

E_r 1 | 1 1 1 I I I 1 _'E
= o Logl =437 449 E
107 ? m Logl =449-462 =
- * 4 Logl =462 - 47.1 5
s 108 = v logl =47.4-484 =
: ;
- A —f— 5 fully confirmed
© 10-10 = %‘;‘7}?“:{#“‘ \_E GT ZC: 3 '5 |
1012 __; | | | 1y | | | —:
0 0.5 1 1.5 2 2.5 3 3.5
z
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o7 Soace Tetescone THE MOST LUMINOUS FSRQ
4
t?c) 2 ; .
o, = =
=, B i
;5 o i
S i I
VAN L= =
= -2 —
- - =l
S [ d
— _4 | Ghisellini+09 Al
[ 1 1 1 I

W

[ R
4 S 6 7 8 910
Z
* At the moment the most luminous FSRQ, so called MeV blazars, are selected in the hard X-
ray band (ajelto+09)
*  Their space density peaks at 4.3+£0.5... !

%  The only similar trend can be found in >102M Ellipticals  (Ajello+09)

*  They are powered by SMBH with M>10°M _Ghiseliini+10)
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“sermi ‘BLACK HOLE ARRIVED EARLY’

Nature Editor's summary, Aug. 2010

* Direct formation of 10° M, , BH from a massive turbulent
disk produced by a merger seems feasible (Mayer+10, Nature)

9.1 x 10° 7.49 x 104 1.036 x 108
Years after merger
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~ Volonteri+11
“>earmi “BLAZARS IN THE EARLY UNIVERSE”

aaaaaaa

BAT high-z FSRQ Blazars might be The RL/RQ

host a massive the best way to fraction seem to
black hole sample heavy black increase after
accreting at the holes in the early redshift 3: bias or
Eddington limit Universe real-effect ?

e B | qg—— ] I s |
Finding more luminous radio-quiet quasars at z > 5 is [important but] finding high
redshift blazars might be, in the end, even more important, since each one of
those implies the existence of many more misaligned sources. A few blazars
detected at z ~ 6 would be very challenging for structure formation, very
constraining, and possibly illuminating for the under- standing the early growth of
very massive black holes, and its feedback on the host.
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“semi (SMBH) HUNTING SEASON: OPEN

Gamma-ray
Space Telescope

10 T T T T - v A ey T o
. - —— e
. Rau et al. in prep. . T o a0 o
B - -1 p—.#-‘ M__j—.-l_m -
: 1<12 — -t e
——t = P——
_§ = 3F — e B
g = S 7 = el
N ol £ o] = -1.33 = ’,ij;.-l" Je
5 g s 2f s EL B i
é AR _Q 7] % ) ’.:‘F_FF-—'-‘.(
2 9 g | =
T gam T h
2+ « — =173
o Rau et al. in prep. .
0 1 ! L. A =189 n n " Ty al
1.0 1.2 1.4 16 1.8 2.0 0 1
Redshift Pr'ellmlnal”y Wagelengm U,m)
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ﬁML BH MASS ESTIMATE hiselini+10)

* Near-IR, Optical, UV interpreted as signature of the (SS) disk:
—> emits a black body spectrum at each radii

-1l 77 T
I : 2149-306 (Vi
| M=1019M Sfod !
| z=2.345 ‘ t':.
4 - — 47
= 3 - !
1 b * I
. 3x10° e
L 1/4 o 12 ; -E,,
H g
-1/4 2 o 9 20
Edd & 146 ¢
[y i .
N ap
—13 |- Q
g ! S 1 =
= \
\
2R PRI RO ]
’ i eane
"""""""""""" -1 45
-14 PR S RN W (T ST SN SN SN AN NN T SN SN T ST ST T
14 15 16 17 18

Log v [Hz]



@?grm& HALO MASS ESTIMATE (Volonteri+11)

* “Black-hole / dark-halo connection”

* Stellar vel. Dispersion related to asymptotic circular velocity of
galaxies (e.g. Baes+03) e
o =200kms (L)

320kms ¢

* Haloes collapsing at redshift z have a circular velocity of :

‘ 1/3 1/6
V.= 142kms™’ [ M ] [!2,.-. A ] (1+2)

102 Mg, 03 1872

* Assume M-sigma relation and combining yields:

NG 1 I, U Bl A
Miis = 4.1 Mg ™° [Q': l&r'-’] (14 2)"%°

1/2
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<=emi CONTRIBUTION OF BLAZARS TO EGB

amma ay

%

* Blazars represent 85-95 % of the sources detected at high
Galactic latitude

* Nevertheless they account for <30-40% of the EGB

1F J = TS Fermi LAT Extragalactic Gamma-ray Background
: I : O ] T T LI | T T | 1T [
— § 106 | |
- : 8 10° | + .
I g = -
"' l g - } ]
Jg ] - n
10" g TR e 5 - I { -
g 8 -‘c;".‘ A i E g‘ B o -
a ; - of 7] Eﬂ - = ++ 4
. B —a 7] 2 = Unknown
8 . _,:“ - 2 T 107 contributors —
w o @ Standard Method a° -
LNy S ] -8 -
=z 10 8 T " Global Fit Method e ﬁ‘ :
- D5 L A Untolding Method R g L.
7 ; ° Background accounted
L > A e e Best fit model . 4 L for by unresolved AGN
. >
Source Counts exceed background 53 a0 b
10-3 ] s LL'JLI | - 'L'Jll e - JlJll‘L it -] lll'LI ] e ‘Llj'l e 10 I : ‘ === ‘ : I —— I ‘ ’ ——
10°° 107? 10°® 107 10° 10°° 0.1 1 10 100

g0 [Ph em? s Energy (GeV)

Abo+10, ApJ, 720, 435
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= crmi THE BLAZARS POPULATION
SpaceTeIescope
* Blazars ﬁgfenﬁa!ly represent 85-95% Abdo+10, ApT 72x0, 435
of the high-latitude populations
* How to quantify their diffuse emission ? o i i
*  Derive luminosity function and integrate Total 425
. B FSRQs 161
*  Derive logN-logS and integrate BL Lacs 163
Uncertain® 4
* Select a ‘clean’ sample (TS>50, |b|>20°) Blazar Candidates 24
Radio Galaxies 2
- - Puls 9
* To quantify selection effects 18 MC 2. 5
SlmUIQflonS were pef'formed: Unassociated sources 56
* Receip'i' (e.g. Hasinger+93, Cappelluti+07)+ . ‘ . '
Use up to date diffuse models and add a PR A

realistic source population tion.

bIt includes Starburst galaxies,
Narrow line Seyfert 1 objects and
Seyfert galaxy candidates.

Detection:

* Perform detection step as close as possible to real data (Abdo+09, ApJs 183,
46)

* Use Maximum Likelihood to determine spectral parameters and significance



s 1 TESTS OF EVOLUTION

* Evolution already implicit in the density of high-z
FSRQs detected by BAT

Sample {V/Vmax) [
Seyferts 0.509 = 0.021 1.496 = 0.073
BLAZARs 10.666 £ 0.045 1.932 + 0.206
FSRQs 0.728 = 0.056 2.077 =+ 0.269
BL Lac objects 0.576 = 0.083 1.694 = 0.316
107 E =
5 Seyferts b,
; T\.\ Y : 1. Blazars evolve positively
10k \Ih‘]] HI%I ] at ~30
= | Wy 1+ Nosignificant difference
: l[“ | | ~ betwéen the 2 sub-
“"Blazars ] I = classes
" ‘ i -+ Seyferts 'do not' evolve
10° 1| R ———

1 0-11 1 0-‘0
S [erg cm? 5]
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/' Gamma-ray
Space Telescope

*

*

y (TS>50 and [b|>20)
o

—

- 'y -
o = o
[S (3 [§}

Detection Efficienc

—
S
L

-
o

2 WORDS ON SELECTION EFFECTS

Fermi preferentially selects hard-faint sources

Selection effects of a survey are similar to those

of an instrument (e.g. effective area):
*

*

The survey does not have enough area to
detect all the faintest sources

The instrument does not have enough area
to detect all the low energy photons

Detection Efficiency

'

100 MeV < E < 100 GeV

IIIIILL|J Illllml IlIIILul IlIIILLLI IIIIIIIll 1

.i—IIIIIﬂTI IIIIInTI IIIII|'|T| IIIII|'|T| IIIIIIII| H

-
o

0°® 10° 307 10
F(>100 MeV) [ph cm™ s7]

effective area (cm?)

Photon Index
N

10000 -

9000

8000

7000

i 3
- Real E
= Simulated E
;_ ul sl | L | .—;
0" 10° 10° 107 10° 10°

II.I_!.!IIIIIIIII|IIII|Illlllllilllllllllllllll

llllllllll]lllll]llIlllllllllllllllllll}llll

Atwood+09, ApJ 697, 1071

/
.
.
LA | PR | MR |

w

4

10° 10
Energy (MeV)

-h
(=]
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<> ermi THE SWIFT/BAT ALL-SKY SURVEY

Gamma-ray

/ Space Telescope
\

* BAT is a coded-mask wide FoV instrument which
surveys 80% of the sky every day

* BAT reaches ImCrab (e.g. 1e-11 cgs) in 1Ms

* After 6 years:
* exposure is >10 Ms everywhere
* ~1000 sources (I think nobody believed it)
* ~70% are extragalactic
* ~30% are Galactic

* Results reported in: Ajello+08a,b,c,09a,b Tueller+,
Cusumano+09,+10 -

\

N\
22 months NN

0.6 \\ S

on’r'hs
‘ 9 monthg
\\
\ |

50 Sensitivity (mCrab)

o
®

100000 1000000
On-Axis Equivalent Exposure (s)
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photon index

Ajello+09,ApJ 699, 603

o THE BAT 3YR SAMPLE

&=
n
T

o BL Lacs
o FSRQs

-
T llilllll

Photon index
N [
N w 0
| LR
— e
i
T T—
—0—

o, —— P SN
P—
e
'o—D—c

e

in
T

llTlll

'I’llllllllllIIIIIIIIlIIIIlIIIIllIIIlIIIIl‘l‘

=}
n
L}

2 g 7 1 1 1
redshift 10 Redshift 1

38 blazars (26 FSRQs, 12 BL Lacs) detected up to z~4
Only ~30% are in common with with EGRET/LAT

No blazars at low Ly and low redshift

48



s
“>ami THE LOGN-LOGS OF POINT SOURCES

Gamma-ray
Space Telescope

* Used 3 methods to build source count distribution in the 0.1-100 GeV band
* Compatible with Euclidean at bright fluxes: N(>F) ~ F-3/2
* Itis flatter below F, =~ 5x10 ph cm=s-1

* Blazars account for <30-40% of the EGB

102 ( @@W}&w@?}’@ﬁ"t ' = T T T T T T T T T T T | R ST TR B 1] § L
= @@g@%@@ﬁé T = i - = = = LAT GeV Diffuse background |
10 E 3 M W Global Fit Method = 0 . e FSRQS
E 0 % @gﬁ 4 Unfolding Method = = 107 | '*,.* . BL Lacs =
C PRRRRLRRRR! ] E e o 3
1 TSNS 7 s e Best fit model g - . -~ FSRQs + BL Lacs 7
E o J— = F o 5} " -
< = \\ A \ Source Counts exceed background = '-'b — ~Ad i
k- F - n - i -
Q 1 w
010" _ 100 MeV < E < 100 GeV = s
S0t F0.5 = T 0ok i —f""’f-wh -
= = & — — —
U902 = 2 - .
A = = w - -
=z e o = k) - -
B = = L 4
107 Er Fh.;,_ -1.5 3 Rg
= 5%1 - = i [ = -
104 ¥ = Abdo+10, ApT 720, 435 =
= Abdo+10, ApJ 720, 435 N ? - P :
[~ vl 1 s o2 sl raaasl 1 22 sl 1
-5 -l— - ||||||I 1 11 |||||| | - ||||||I 1 1 ||||||| 1 11 IIIIII | - NIJ_LII 1
o 1™ 10° 10°® 107 10° 10° 10? 10° 10* 10°
Fi00 [Ph cm? s Energy [MeV]
R ————————————————————
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\

PURE LUMINOSITY EVOLUTION

* “Best-fit Pure Luminosity Evolution (PLE)”

Luminosity Function

®(L.,z)=®(L,/e(z),z=0)

Local Luminosity Function
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Evolution in luminosity as a
power-law with index k and a
cut-off after z_,=-1-ky
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RESULTS PLE

PLE (7 pars) provides a reasonably good fit to the data

*  Strong evolution in luminosity of FSRQ (k=5.6)
* A cut-off in the evolution after z = ~1.6

s ermi

S e
*
* It implies:
* 2 findings:

*  PLE does not reproduce the source counts very well

*  There are hints that the redshift cut-off changes with luminosity

10°
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—+—+W+
+

R
4
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The Fermi LAT 1FGL Source Catalog
I,"d”"" 1,451 sources
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AGN U i Pl . = SNR
AGN-Blazar ) :

AGN-Non Blazar PSR PWN
2 No Association 1 Starburst Galaxy PSR w/PWN
(] Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission < HXB or MQO

Credit: Fermi Large Area Telescope Collaboration




/‘ Abdo, A. A. et al. 2010, A&A, B12, A7
< ermi SPATIALLY RESOLVED LMC

Declination (J2000)

07"00™ 06"00™ 05"00™ 04"oQ™
Right Ascension (J2000)

counts deg

-100 -50 0 50 100 150 200 250

Background-subtracted smoothed residual
counts map of the LMC region

* Diffuse emission peaking
in massive star-forming
region 30 Doradus

* Gamma-ray emission

correlates with ionized
gas (1% by mass) rather
than with total gas
density

* Cosmic-ray diffusion

length small compared to
size of LMC
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